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Impact of Dietary Fibers from Various Source in Wheat Flour
Gel Model: Aspect of Suitability of Processing and In Vitro
Starch Digestibility
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Abstract

Wheat flour in a gel model was replaced with dietary fibers from various sources (oat, pea, potato, and wheat) in
order to investigate their baking quality and in vitro starch digestibility. Then their hydration properties and solvent
retention capacities (SRC) were measured. Over all, the gels with dietary fibers experienced increased water absorp-
tion index, swelling power, and SRC values, while water solubility decreased dose-dependently. The storage modulus
(G') and loss modulus (G") of the wheat flour gel increased by the addition of pea and potato fibers but decreased
by oat and wheat fibers. The wheat flour gels with dietary fibers showed considerable decreases in the amount of
released glucose. Also wheat flour replacement with dietary fibers lowered RDS and increased RS. Among SRC
values, water and sucrose showed significant positive correlations with TDF and IDF. The contents of TDF, IDF,
and SDF were highly correlated with RS (positive) and pGI (negative). Specially, for lowering starch digestibility,
TDF and IDF were more important factors than SDF.
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(Rosenberg, Germany) A|E 0.2 AF-2o HP3to] ARE-3}
St 7= A LA F(CI Cheiliedang, Seoul, Korea)2]
R 79lste] ARSI BAle) AbESHotal dietary
fiber assay kit (TDF-100A), pancreatin from porcine pancreas
(P7545, activity 8XUSP/g), amyloglucosidase (A9913)+=
Sigma-Aldrich (St Louis, MO, USA), total starch assay kit
(K-TSTA)®} glucose oxidase-peroxidase assay kit (GOPOD,
K-GLUC)= Megazyme International Ireland Ltd. (Bray,
Ireland)oll A 242} -9} ske] AF-g-5F3ATt.
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O 2 718l 78% olehE, 95% oler, olME o7 7t
Zb 7.5 mLg 7hste] F A AlF gl o3k v, filter
glassE AZ710A 105°CE 24417+ ¢+ A% F 147
Y sle] A EES Ptk IDFE o3e & 3o 7k}
o 95% oller-& 5mLE 7hete] 23] AlF 5 105°Cel| A
24A17F B9 Ax T OIAIZE yste] AbgES T o]

1T O
g3k e o Ao SDF ¥ IDF ZAFES AlE 100 g
F E FHo = st % T9IE EAIESAL, TDF
+ SDFé} IDFe] gt 2 Abeiaith,
Tots 4 BiiEAs 24
48 Aol FEFTA T (Water  Absorption
Index, WAI), 83|l (Water Solubility, WS), 2§ -&

(Swelling Power, SP)2 Lee & Inglett(2006)°] = 9+ak
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Dry supernatant weight

lubility (%) = 1

Water solubility (%) Dry sample weight x100
Wet sediment weight

Swelling power (g/g) = Dry sample weightx x100

(100-% solubility)

Residual sample weight

Water absorption index = i
ater absorption ndex Dry sample weight

81l & 25 (Solvent Retention Capacity, SRC)< AACC
(2000) methods 56-11%9 S MY ste] S 3FATHAACC,
2000). Y7HFo 95 2ol fe] A FFel wet &9
H Y 1go] 23E dAEFEA S/, A(50%,
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oA BAAZ] 3, 95°Col A 550 rppm o2 1087 TB7HE
stk ot AL Aol 1087 BA T FHHEA

Sl ARE-atTh Aol A9 A E/d-2 rheometer
(RheoStress RS1, Thermo Haake, Germany)< ©]-83}<
25°CE FA151AA parallel-plate system(%]7: 35 mm, 7H4:
I mm)ollA] 274 AT}, Strain sweep test oA AL 0.1%
strain®l| 4] frequency sweep (0.1-10 Hz)& 33k 25°CE
FrA A E7EE oA Aol A AT EG)H
AHYE(G")S SH AT

b 3

In vitro HE243t

ARk S A8d Holdfs T3t Whe 42
SAAEE 4 Aot L8l Alxzste] 4Co A s B
3k & AACC(2000) methods 32-403} Delgado-Andrade
et al.(2010)°] W& HFslo] LA 3Tk Aol o 2
7HE 2 50 50mLe] FFHTE 7hste] #23}ste] pancreatin
solution 12.5mL(2.5mL/g sample)>} amyloglucosidase solution
(02 mL/g starchyE 3718t TR, 0.1 N HCIZ- ©]-&3}e] pH 62
B2 A5k 37°CoA 3AZF Bt &23tE stk A
w238k 34 F 0, 30, 90, 120, 180 ol 5 0.1 mL
< FH3t 14mL AEHEE 7hste] 1,600xgoll 4] 327 €4
A to] e EAE= glucose THEFS GOPOD
kits o]&3ted Sg3IAth EANHE 30 Hofl #ailE A
9] S rapidly digestible starch(RDS), 30 £ollA] 120%7}
EalE &2 4L slowly digestible starch(SDS), ©] &
180 71A] F3ll B A] ¢82 9] 4 resistant starch(RS)

EE A¥ AFAEL SPSS(Version 17.0, Chicago, IL,
USA)E o|&3ate] vl A3ttt 2t A8 A 3E2 One-
way ANOVA(analysis of variance)$} Duncan's multiple range
test(p <0.05)5 &3t AT A5 2ol o 2o]
A 2T E7HE A Al 7R E A Astel] HEE
M=o} o] A3#A = Pearson correlation coefficientsS 53}

A skl

dut ol nE
HEzd Ao|Mwe olaftA M2 3 5t=
A5 2ol dH9 IDF, SDF, TDF ¥ IDF/SDF H]&&

A)
Table 132} 72t} 2lo]d-f-E52] IDF9} SDFEH2 712t 57.0-
90.2%( At 57.0%<F 67.9%<HEI84.6% <™ 902%) %
0.7-5.0%(F-0.7% < 74+ 3.0% <2 3.8%< 8 5.0%) H=
AU 5 o] dFE4 TDF 32 60.0-94.1%
M2 7H2H60.0%) < F(68.6%) < 71 21(89.6%) < H(94.1%)
HIZ EAHAL 919 HHFEAFXE 7S 22 SDFe
gk IDFE] H|&S ALke A3, A7) <A 19 <2
(24 <FO97) T2 FAA FHig Holidfe ol
B84 AodfE eS¢

Fso gujjo] tig Al 2] E
oluf A9 soluiElel] TS Fo FFH R
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Table 1. Dietary fiber contents and hydration property of dietary fibers from various sources.

Dietary fiber composition (%) Hydration property
Sample Insoluble Soluble dietary Total dietary Water absorption ~ Water solubility ~Swelling power
IDF/SDF
dietary fiber (IDF) fiber (SDF) fiber (TDF) index (%) (g/g)
Oat fiber 84.6+2.7° 5.0+0.0° 89.6+2.7° 17 352.06%8.68" 0.28+0.20° 3.53+0.08¢
Pea fiber 67.9+0.9° 0.740.2° 68.6+0.6° 97 862.78+31.76" 2.94+1.59° 8.89+0.18°
Potato fiber 57.0+1.4° 3.0£0.9® 60.0+2.3° 19 677.18+1.57° 4.35+0.12° 7.08+0.01°
Wheat fiber 90.244.2* 3.8+1.9° 94.1+6.1° 24 502.5246.51° 0.49+0.37° 5.04+0.06°

Data represent the meantstandard deviation. Different small letters imply significant differences (p <0.05).
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Table 2. Effects of dietary fibers from various sources on hydration property of wheat flour.

Hydration property
Sample Replacement (%) — — -
Water absorption index Water solubility (%) Swelling power (g/g)

10 231.97+7.75%® 4.65+0.08°* 2.43+0.08"
Oat fiber 20 242.60+9.93% 4.1940.12"® 2.5340.10%®
40 296.32+9.38% 3.3540.18 3.0740.10%
10 275.08+4.86 4.69+0.08* 2.8940.05*
Pea fiber 20 352.23+5.39® 4.28+0.04"8 3.6840.06"
40 514.8448.51 3.7540.10%¢ 5.35+0.09*
10 253.7248.63% 5.29+0.13% 2.68+0.09°¢
Potato fiber 20 299.12+5.42°8 5.60+0.07*® 3.17+0.06*®
40 406.77+11.74% 6.1240.04* 4.33+0.13%
10 252.92+13.37" 4.9340.09"* 2.66+0.14"
Wheat fiber 20 261.23+1.62® 4.27+0.10" 2.73+0.02®
40 334.19+4.17%4 3.3240.14¢ 3.4610.04%A

Wheat flour - 206.43+11.37 5.4740.14 2.1840.12

Data represent the meantstandard deviation. Different small letters imply significant differences within same replacement level (p <0.05). Different
capital letters imply significant differences within same dietary fiber group (p <0.05).

© Aasislnh E7bE A o FEEE s e 77
206437} 2.18 g/goll A 2ol 771 40%71EA] WA Eoll uje}
2129632, 3.07 gfe)< L(334.19, 3.46 gle) < 7FAH406.77,
433 glg)< 3’—(514.84, 535gg) wo & Frlslsith Wrkee
TGS e 547%904 D (3.32%) < 712 (3.35%) < B(3.75%)
O &2 Aol it tiA| el whet Zasielvh. e v kAt
A gk Aol dfE E8e A9 258 tiA el 7t
Shol] wheh RG-S =7) 5.29-6.12%7H4] F718FA T o
I Fho], ”A7FR Aol df thAlFe] 10-40%= S71etl
wet FEEFEsH a2 HY 199 =oRkl vk,
TEl = 7:}%} 2ol dfE Alfstaie A 1.5 wi7kA|
4 E3 Y A& FEFES S W&
<78 < <@Z} T =02 Ul

21l 525 (Solvent retention capacity, SRC)2 A& U
polymer networkgAJ ol W& T}t &rE F3sle T8
S Ueill= A Folvh gty o g A 79| 7t S-S
o =317 Y35t 4 71 &ul(E, 2%, sodium carbonate,
lactic acid)E ©]-&3Fc}. Water SRC(WSRC)= A&7} A qt
Al &uEo &&= A4, Sucrose SRC(SuSRC)=
pentosan®] aakiﬂ- gliadin® &7, Sodium carbonate SRC
(SCSRCO)E ME2] &4 A&, Lactic acid SRC(LASRC)=
3] 5@4’ #AH=] o] A] ‘:—'7 I glutenin networkE 4

st =% glutenTx9 ZEE Yellie Axolth
(AACC, 2000; Duyvejonck et al., 2012). 95=H o] df

5 10-40%7H4] "7kl thAl el e SvilFas Wk
= Table 37+ 2t} 2ol A o] F715te] wet &,
A", sodium carbonate, lactic acidell ™3t &wj 525 o]
Z71slA Tk ¥R AA| 9] &, A ' sodium carbonate,
lactic acidol] th3t &nj&25& ZHzF 51.69, 96.31, 66.79,

91.78%% EAE|Qt). Ao)4d-R7t 40%7HA] thAl gl wt
Zkzh A 2](91.54, 134.71, 102.49, 83.96) < H(124.22, 182.53,
129.06, 103.80) < 7-2+(124.74, 190.65, 186.44, 117.46)< &
(195.45, 24624, 20048, 167.52) s- O & &u| &2 50| Z7}a}
Atk o) o], DrFFel Aol d-{7tF 10-40%7HA] ThA|
Holl Wt &, A9, sodium carbonate, lactic acidol T gh

S &350 7Jr74 JM A 16 23,20, 2.0 o}

é EA o i ”‘7H§— HE 0ﬂ *4
= A Al —;@rEﬂ-zﬂv‘i— TZ7F A E e a7 v
oAl AR Aol f= 23]H
ZH=T}(Angioloni & Collar,
& é‘ el g =] network‘—g‘
& Jo FHEh 7S
oA ArtFe] S St 01%‘8}04 2 F 5o X#%
s= 712 HW(AACC, 2000; Duyvejonck et al., 2012),
F77ve2 "AAESY &ulFEEo] WSRC<S51%,
SuSRC < 89%, SCSRC < 64%, LASRC > 87% H|¢] 7+&
7hd o A gsieh g A RS WSRC<57%,
SuSRC < 96%, SCSRC <72%, LASRC > 100%, 9] <
S o AHgslrt gk FAPNEHoZ AurtES A8
73¢-oll&= LASRC7} 100% ] ¥l #e 712 o &
sl b 2 Ao ARSSh A8 Aol /o] &

&S 2HE w & A %‘f, sodium carbonate®l| T3
Eﬂxﬂﬂoi w2 g B A 10% dAZE F74

A, &L lactic acid S35

[e) 40% r,H;‘q]}; X];](jtl]—ztﬂ
Xﬂﬂ‘“ﬂli Fedhs & & Adoh 2
FE Aol w2t Az Aol = lactic

]—Uf]
ELO] =
E_E Z‘ﬂ_l_o]—
Aoz U
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Table 3. Effects of dietary fibers from various sources on solvent retention capacity of wheat flour.
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Solvent retention capacity (%)

Sample Replacement (%) - -

Water Sucrose Sodium carbonate Lactic acid
10 56.14+1.80% 95.65+0.64 69.70£0.13%C 79.14+2 278
Oat fiber 20 66.62+1.37® 105.89+0.92°® 79.37+0.61°° 75.99+0.67°°
40 91.544+0.61 134.7141.66* 102.49+1.22% 83.96+0.23%

10 83.77+0.17° 105.51£7.18* 91.67+11.34*C 90.2742.42%
Pea fiber 20 119.40+4.34® 153.27+18.12°® 135.04+17.78® 103.43+4.52%8
40 195.45+3.74* 246.24+7.87* 200.48+3.37* 167.52+5.94
10 65.67+1.16 107.7745.55% 92.68+1.81% 80.13+1.61°®
Potato fiber 20 85.49+2 .30 124.87+3.89" 128.46+2.24%® 84.07+3.59"
40 124.74+0.84% 190.65+1.03% 186.44+4.52° 117.465.77°"
10 61.28+1.56° 100.04+0.03% 74.47+1.52°C 81.05+1.37"
Wheat fiber 20 77.8442.10°8 122.06+1.64% 90.18+1.18" 76.97+1.01°®
40 124.2242.28% 182.53+4.11°* 129.06+1.76 103.80+3.04*

Wheat flour - 51.69+3.22 96.31£5.86 66.79+3.64 91.78+6.68

Data represent the meantstandard deviation. Different small letters imply significant differences within same replacement level (p <0.05). Different
capital letters imply significant differences within same dietary fiber group (p <0.05).
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Fig. 13} 2o} drhe A AL T3 Ak A
fFrelg 2ol dRE A Brode TEIESHLRE F7t
g vk, Aot 2 Aol Al o8 hasle ek
< Btk olgfgr Axe= I A Aol A=t
g 2ol o Hlste] FHSE =& IDF HEX
SCSRCe| =2 Z7tellA] 711%e & 4= At =, IDF
= 9 A 72 o B BAste T8 AT
(Fuentes-Alventosa et al. 2009), SCSRCE A& &AL 6}
AAd=e] &4E HES FEEAT S7IE AT &4 4
7t BS54 E Aol SUtste AFE HolA Hu

(A) (8)

10 10

1 Frequency (Hz) 10 1

—&— control —=—oat fiber —e—pea fiber —#—potato fiber —#—wheat fiber == control =s«=o0at fiber —#=pea fiber —#=potato fiber —w=wheat fiber

Frequency (Hz)

10

(A) (8)

10 10

1000

Frequency (Hz)

10

—8—control —<—0at fiber —e—pea fiber —e—potato fiber —w—wheat fiber

©

Mg b W

M

1 Frequency (Hz) 10 1

Frequency (Hz) 10 1

10

Frequency (Hz) 10

—=—control —<—oat fiber —s—pea fiber ——potato fiber —«—wheat fiber —S—control —=—oat fiber —=—pea fiber ——potato fiber —#—wheat fiber  —S—control —=—oat fiber —&— pea fiber —e—potato fiber —%—wheat fiber

Fig. 1. Effects of dietary fibers from various sources at 10% (A), 20% (B), and 40% (C) on the storage modulus (G', closed symbol)

and loss modulus (G", open symbol) of wheat flour gels.
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i, 2452 oju A% AANY & A=AS BT,
AOINR B Wi Aol HEasiwleiET}
Wt o] chket 98 Aol4f7t tAHel uket
o a w w e w 2 e e w a w in vitro AEA3Fd oA A 7init}t W& 5= glucose
Incubation time (min) Incubation time (min) 9/] o]:o Flg 29} 7]_]:]— )—qo]/g%% 0]%—3]—04 @/] o 7]_2
e T e T T T 210, 20, 40%E i AF et die] Balse] wE
§ o g | = glucose Y2 FLEH o2 ZAFFH. Aol F=
é $ Ewo water immobilizations &3t H8& F7HAI7IAL, ©E
T afole] Pz FALS welste] AslEavt Aol
B P AoEe Ae Aogomn ARLTE AT gucose
DT im0 ettt ES ARAIE Ao® 2eA YtkSasaki et al, 2011).
Fig. 2. Glucose release behavior in wheat flour gels with dietary g, FAT Al HlEelM ﬂ"e*tué Held#7h 27 A
fibers from oat (A), pea (B), potato (C), and wheat (D) at 10%, 9] ARA3R| A v A= = folFel zol7F §lo]
20%, and 40% during in vitro starch digestion. Ao eo ERRTE o xﬂ o] oS o 2= 9r).
ol2]gh A= SDF/IDF &S 25%% 23 2olilf
THES EEE AT 97 Aoy A mdeA
(Duyvejonck et al. 2012). g, Aot U o] fe= A SDF/IDF H| &R th= thAlgh 2ol ko] Aitisto
Ao 2 =& SDFH| &S HY o= W7o A2 u FoH oz JEs Fris BRIl XSG Aoz
Q35 AEF wSs RS Ao 7 FHFoaM A 2ol & SDFe= =2 A= HE4stE AslskA v,
o] Fits] SstEo] FAE WA= TS Aol 7‘”‘3% P8k Hake R Ak Afole At
wat A Hebdo] 74T Zoew ®WeTthKim et al, Al E Aslishe 23E UehlA] Xt 4, IDF=
2011). vt_"o Hfshe Aol Aste] Mol Baste A A
o]zt Fol, Holdfre Aol wet F3ted &ulE s aae] 28-S Ao 2N A astE A A4
5 U FHAEANA HUIE A Al thFet HElE % Z1th B3 E I TH(Fuentes-Alventosa et al., 2009;
oS gl weba 1477152 SHolA A AW Aravind et al, 2012). WERA 1 =EolA AREE A8

Table 4. Starch digestion fractions of wheat flour gels with dietary fibers from various sources.

Replacement

Starch digestion fraction (mg/ g starch)

Predicted glycemic index

Sample (%) Rapldly digestible Slowly digestible Resistant starch (pGl)
starch (RDS) starch (SDS) (RS)
0 642.67+39.68" 255.84453.29° 102.54450.34° 101.3442.61°
10 617.15+16.09° 283.99439.61° 98.86+49.73° 100.79+0.90°
Oat fiber 20 530.23+55.71° 298.05+69.23" 171.72465.49° 95.21+4.19°
40 589.72465.20% 250.90+74.54° 159.38+20.62° 96.163.69"
0 642.67+39.68" 255.84+53.29 102.54+50.34° 101.34+2.61°
10 608.94+28.90 257.95+14.95° 133.12429.25° 98.79+3.53"
Pea fiber 20 553.18435.04° 330.37432.34° 116.46£27.72* 99.27+1.91%
40 564.70+9.32¢ 283.48+18.73" 151.82+17.71° 96.88+1.21°
0 642.67+39.68" 255.84453.29" 102.54450.34° 101.3442.61°
Potato fiber 10 595.33432.71° 294.11+30.35® 110.56+36.03" 99.44+2 56%
20 538.00+41.34¢ 326.82460.14° 135.18455.56™ 96.94+3.10™
40 518.23+29.07¢ 293.08+41.36™ 188.69+66.04° 94.4443 54¢
0 642.67+39.68" 255.84+53.29° 102.54+50.34° 101.34+2.61°
10 603.10+42.36" 261.88+35.73" 135.02438.97° 99.0613.77°
Wheat fiber a a a a
20 590.89+74.17 246.39+38.58 162.72+45.17 96.84+3.99
40 614.11£70.78" 220.72+50.40° 165.17+53.71° 97.2346.20°

Data represent the meantstandard deviation. Different small letters imply significant differences within same dietary fiber group (p < 0.05).
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Table 5. Relationship among fiber composition of various
dietary fibers and their hydration property, solvent retention
capacity, rheological property, and starch digestibility in wheat
flour model gel.

IDF SDF TDF
Hydration property
Water absorption index 0.584* 0.094 0.564*
Water solubility -0.666* -0.417 -0.659*
Swelling power 0.569* 0.086 0.549
Solvent retention property
Water 0.641* 0.110 0.620*
Sugar 0.695%* 0217 0.677*
Sodium carbonate 0.552 0.142 0.535
Lactic acid 0.414 0.114 0.390
Rheological property
Elastic modulus 0.096 -0.393 0.071
Viscous modulus 0.091 -0.421 0.065
Starch digestibility
Rapidly digestible starch -0.271 -0.217 -0.271
Slowly digestible starch -0.335 -0.355 -0.340
Resistant starch 0.736**  0.687**  0.741**

pGlI -0.690**  -0.668*
*Significant at p < 0.05, **Significant at p <0.01.

-0.696**
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